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In the event the actual fee is greater than the payment submitted or is inadvertently not 
enclosed or if any additional fee during the prosecution of this application is not paid, the Patent 
Office is authorized to charge the underpayment to Deposit Account No. 15-0700. 
CONTINGENT EXTENSION REQUEST 

If this communication is filed after the shortened statutory time period had elapsed and no 
separate Petition is enclosed, the Commissioner of Patents and Trademarks is petitioned, under 
37 C.F.R. § 1 . 136(a) ? to extend the time for filing a response to the outstanding Office Action by 
the number of months which will avoid abandonment under 37 C.F.R. § 1.135. The fee under 37 
C.F.R. § 1.17 should be charged to our Deposit Account No. 15-0700. 

AMENDMENTS 

_X_ If checked, amendment(s) to the specification and/or claims are submitted herewith. 

1. If checked, an abstract is submitted as the last page of Appendix A, 

2. Specification: 

Please delete the paragraph(s)/section(s) beginning at page, 
and replace such paragraph(s)/section(s) pursuant to 37 C.F.R. § 1.121(b)(ii) with the "clean" 
version attached hereto as Appendix A. Entry is respectfully requested. A version with 
markings to show the changes made pursuant to 37 C.F.R. § 1. 121(b)(iii) is attached hereto as 
Appendix B. 

3. Claims; 

Please cancel claims without prejudice. 

Please amend claims 2-10 pursuant to 37 C.F.R. § 1 . 121(c)(i) as set forth in the "clean" 
version attached hereto as Appendix A. Entry is respectfully requested. A version with 
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markings to show the changes made pursuant to 37 C.F.R. § 1.121(c)(ii) is attached hereto as 
Appendix B. 

If checked, the optional complete set of "clean" claims pursuant to 37 C.F.R. § 

1 . 121 (c)(3) is attached hereto as Appendix C. 
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REMARKS/ARGUMENT 



This Preliminary Amendment is being filed to change the multiple dependent claims to 
single dependent claims in order to eliminate the improper multiple dependent claims and to 
reduce the government filing fee. 



I hereby certify that this correspondence is being 
deposited with the United States Postal Service as 
Express Mail to Addressee (mail label # 
EL85584902US)in an envelope addressed to: 
Commissioner of Patents and Trademarks, 
Washington, D.C. 20231, on August 15, 2001 



EXPRESS MAIL CERTIFICATE 



Respectfully submitted, 



Dorothy Jenkins 



Edward A. Meilman 
Registration No.: 24,735 

OSTROLENK, FABER, GERB & SOFFEN, LLP 
1 180 Avenue of the Americas 
New York, New York 10036-8403 
Telephone: (212) 382-0700 




Name of Person Mailing Correspondence 




August 15, 2001 



Date of Signature 



EAM/jc 
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APPENDIX A 

"CLEAN" VERSION OF EACH PARAGRAPH/SECTION/CLAIM 
37 CF.R § L121(b)(ii) AND (c)(i) 

CLAIMS (with indication of amended or new): 

(Amended) 2. The process as claimed in claim 1, wherein the aqueous solution 
containing whey proteins is selected from a milk microfiltration permeate and a whey. 

(Amended) 3. The process as claimed in claim 1, wherein, when the hot-holding under 
essentially non- shearing conditions is carried out, a value for the shearing rate of 2000 s-1, 
preferably 1000 s-1, is not exceeded. 

(Amended) 4. The process as claimed in claim 1, wherein the aqueous solution is a 
non-enriched whey. 

(Amended) 5. The process as claimed in claim 1, wherein the pH of the aqueous 
solution is between 5.5 and 6.5, preferably between 6.0 and 6.5. 

(Amended) 6, The process as claimed in claim 1, wherein the hot-holding time is 
between 10 seconds and 18 hours. 

(Amended) 7. The process as claimed in claim 1, wherein the temperature during the 
hot-holding step is £95°C. 

(Amended) 8. The process as claimed in claim 1 ? wherein the temperature during the 
hot-holding step is between 1 10°C and 150°C. 

(Amended) 9. The process as claimed in claim 1, wherein, in the concentration step, an 
ultrafiltration apparatus, a microfiltration apparatus, a separator and/or a decanter is used. 

(Amended) 10. A process for producing a foamed product comprising denatured whey 
protein aggregates, having a mean aggregate size (median) in the range from 1 to 4 mm, in which 
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the process as claimed in claim 1 is carried out, 

the resultant concentrate is foamed without addition of foam stabilizers with a pH of 4.0 
to 5.5 being set. 
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APPENDIX B 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 
37 C.F.R. § 1.121(b)(iii) AND (c)(ii) 

CLAIMS: 

2. The process as claimed in claim 1 [or 2], wherein the aqueous solution containing 
whey proteins is selected from a milk microfiltration permeate and a whey. 

3. The process as claimed in [one of the preceding claims] claim 1 , wherein, when the 
hot-holding under essentially non-shearing conditions is carried out, a value for the shearing rate 
of 2000 s-1, preferably 1000 s-1, is not exceeded. 

4. The process as claimed in [one of the preceding claims] claim L wherein the aqueous 
solution is a non-enriched whey. 

5. The process as claimed in [one of the preceding claims] claim L wherein the pH of the 
aqueous solution is between 5.5 and 6.5, preferably between 6.0 and 6.5. 

6. The process as claimed in [one of the preceding claims] claim L wherein the 
hot-holding time is between 10 seconds and 18 hours. 

7. The process as claimed in [one of the preceding claims] claim 1, wherein the 
temperature during the hot-holding step is £95°C. 

8. The process as claimed in [one of the preceding claims] claim 1 , wherein the 
temperature during the hot-holding step is between 1 10°C and 150°C. 

9. The process as claimed in [one of the preceding claims] claim L wherein, in the 
concentration step, an ultrafiltration apparatus, a microfiltration apparatus, a separator and/or a 
decanter is used. 
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10. A process for producing a foamed product comprising denatured whey protein 
aggregates, having a mean aggregate size (median) in the range from 1 to 4 mm, in which 
the process as claimed in [one of claims 1 to 9] claim 1 is carried out, 
the resultant concentrate is foamed without addition of foam stabilizers with a pH of 4.0 
to 5.5 being set. 
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Patent Claims 1 to 11 

1. a process for producing a concentrate of denatured 
whey protein aggregates, the process essentially consisting 
of the steps that 

a) an aqueous whey protein solution having a whey protein 
content of at most 3% by weight is heat -denatured by hot- 
holding at a temperature in the range from 75 to 150°C / at a 
pH in the range from 5.0 to 7.0 under essentially non- 
shearing conditions in such a manner that >90% of the whey 
protein are heat -denatured to form whey protein aggregates 
having a mean aggregate size (median) in the range from 1 to 
4 |um, and that 

b) a concentration step is then carried out. 

2. The process as claimed in claim 1 or 2, wherein the 
aqueous solution containing whey proteins is selected from a 
milk microf iltration permeate and a whey. 

3 . The process as claimed in one of the preceding 
claims, wherein, when the hot-holding under essentially non- 
shearing conditions is carried out, a value for the shearing 
rate of 2000 s~\ preferably 1000 s"\ is not exceeded. 

4 . The process as claimed in one of the preceding 
claims, wherein the aqueous solution is a non-enriched whey. 

5. The process as claimed in one of the preceding 
claims, wherein the pH of the aqueous solution is between 5.5 
and 6.5, preferably between 6 . 0 and 6.5. 

Amended claims 
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6. The process as claimed in one of the preceding 
claims, wherein the hot-holding time is between 10 seconds 
and 18 hours. 

7. The process as claimed in one of the preceding claims, 
wherein the temperature during the hot-holding step is <95°C. 

8. The process as claimed in one of the preceding 
claims, wherein the temperature during the hot -holding step 
is between 110°C and 150°C. 

9. The process as claimed in one of the preceding 
claims, wherein, in the concentration step, an 
ultrafiltration apparatus, a microf iltration apparatus, a 
separator and/or a decanter is used. 

10. A process for producing a foamed product comprising 
denatured whey protein aggregates, having a mean aggregate 
size (median) in the range from 1 to 4 |im, in which 

the process as claimed in one of claims 1 to 9 is 
carried out, 

the resultant concentrate is foamed without addition of 
foam stabilizers with a pH of 4 . 0 to 5 . 5 being set. 

11. A foamed foam-stabilizer-free product, obtainable by 
means of the process as claimed in claim 10. 



Amended claims 



V 'Bid 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 



Manfred HUSS, etal. 
Serial No.: 09/913,548 
Filed: August 15, 2001 



Date: October 1, 2001 



Examiner: - - 



Group Art Unit: - - 



For: PREPARATION OF AN AGGREGATE WHEY PROTEIN PRODUCT AND ITS USE 

Asst. Commissioner for Patents 
Box PCT (US/DO/EO) 
Washington, D.C. 20231 



Preliminary to review of the above-identified application, please amend as follows: 

FEE CALCULATION 

In the event a fee is is inadvertently not enclosed or if any additional fee during the 
prosecution of this application is not paid, the Patent Office is authorized to charge the 
underpayment to Deposit Account No. 15-0700. 

CONTINGENT EXTENSION REQUEST 

If this communication is filed after the shortened statutory time period had elapsed and no 
separate Petition is enclosed, the Commissioner of Patents and Trademarks is petitioned, under 
37 C.F.R. § 1 . 136(a), to extend the time for filing a response to the outstanding Office Action by 
the number of months which will avoid abandonment under 37 C.F.R. § 1.135. The fee under 37 
C.F.R. §1.17 should be charged to our Deposit Account No. 1 5-0700. 

AMENDMENTS 

An Abstract is submitted as Appendix A. 



SECOND PRELIMINARY AMENDMENT 
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REMARKS/ARGUMENT 



The Abstract has been corrected to conform to page 7, line 4. 



EXPRESS MAIL CERTIFICATE 

I hereby certify that this correspondence is being 
deposited with the United States Postal Service as 
Express Mail to Addressee (mail label 
#EL075474883US) in an envelope addressed to: Asst. 
Commissioner for Patents, Box PCT (US/DO/EO), 
Washington, D.C 20231, on October 1, 2001: 

Dorothy Jenkins 

Name of Person Mailing Correspondence 




Date of Signature 



EAM.mgs 



Respectfully submitted, 




Edward A. Meilman 
Registration No.: 24,735 
OSTROLENK, FABER, GERB & SOFFEN, LLP 
1 1 80 Avenue of the Americas 
New York, New York 10036-8403 
Telephone: (212) 382-0700 
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APPENDIX A 

I ;| "CLEAN" VERSION OF EACH PARAGRAPH/SECTION/CLAIM 

SO 37 C.F.R. § 1.121(b)(ii) AND (c)(i) 

[,* 
•!,U 

ill 

•I 



a 

Q 
Q 
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PREPARATION OF AN AGGREGATE WHEY 
PROTEIN PRODUCT AND ITS USE 



ABSTRACT OF THE DISCLOSURE 



The invention relates to a method for preparing a concentrate of denatured 
whey protein aggregate preferably having a mean aggregate size (median) of between 
1 and 4 |um. Said method consists of the following steps: a) an aqueous solution 
enriched to a maximum protein content of 4% by weight, containing whey protein 
and having a pH of between 5.0 and 7.0 is thermally denatured to >90%> in relation 
to the protein content, under substantially non- shear conditions at a temperature of 
between 75 and 150°C and by means of a holding period; and b) the resulting 
product is concentrated, preferably to a denatured whey protein concentration of 
between 5 and 20%. 
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S APPENDIX B 

| * VERSION WITH MARKINGS TO SHOW CHANGES MADE 

! ^ 37 C.F.R. § 1.121(b)(iii) AND (c)(ii) 

Uli 

jar. 

;. y 

it 
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P/2107-185 



PREPARATION OF AN AGGREGATE WHEY 
PROTETN PRODUCT AND ITS USE 

ABSTRACT OF THE DISCLOSURE 

The invention relates to a method for preparing a concentrate of denatured 
whey protein aggregate preferably having a mean aggregate size (median) of between 
1 and 4 um. Said method consists of the following steps: a) an aqueous solution 
enriched to a maximum protein content of 4% by weight, containing whey protein 
and having a pH of between 5.0 and 7.0 is thermally denatured to [>80%] ^90%, in 
relation to the protein content, under substantially non-shear conditions at a 
temperature of between 75 and 150°C and by means of a holding period; and b) the 
resulting product is concentrated, preferably to a denatured whey protein 
concentration of between 5 and 20%. 
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%k 09/913548 
518 Hse'd PCTOTO 1 5 AUG 2001 

February 15, 1999 
HU9801P 

P^para£i*>ii^^ ^ pxodu_ct and_its use 

The invention relates to a process for producing a 
concentrate of denatured whey protein aggregates, preferably 
having a mean aggregate size (median) in the range from 1 to 
4 (am, and to a stable foam product obtainable by this 
process . 

Proteins in foods frequently do not exist as soluble 
individual molecules, but in the form of relatively large 
aggregates or particles. Such particulate structures can 
exist naturally, as is the case with casein micelles in milk 
or may not be formed until during the production process, for 
instance in the production of ricotta by coagulating the whey 
proteins [KALAB, M. (1990) "Microparticulate protein in 
f oods" , Journal of the American College of Nutrition, 9, 374- 
387] . The mouthfeel caused by such aggregates or particles is 
essentially influenced by their size. Particles which are 

smaller than 0.1 jam are not perceived, so that a watery-empty 
impression results [LUTH, A. (1991) : Fettreduktion mit Hilfe 
mikropartikulierter Proteine - ein neues Konzept zur 
Entwicklung von xx Light-Produkten" [Fat reduction using 
microparticulate proteins - a novel concept for developing 



"light products"] , DMZ-Lebensmittelindustrie und 

Milchwirtschaft, 112, 762-766] . 

Protein aggregates which are in the size range of 
emulsified fat droplets, that is to say between 0.1 and 
10 \im, can cause a creamy- smooth mouthfeel [MILLER, M.S. 
(1994) "Proteins as fat substitutes" In: Protein 
Functionality in Food Systems (Editors: HE T T I ARACHCH Y , N.S.; 
ZIEGLER, G.R.), New York, Basle, Hong Kong]. 

Larger particles are detected in the mouth 
individually and are perceived as floury to sandy. However, 
it is not possible to define an exact limit of particle size 
at which roughness occurs, since subjective factors also play 
a role. Cited data extend from 3 to 40 |im. Other properties 
of the particles, such as shape, def ormability and surface 
structure, also play a role, as do the properties of the 
surrounding environment, in particular its viscosity (MILLER, 
op. cit . ) . 

FR-A 1 453 815 discloses a process for recovering the 
proteins remaining in the whey after coagulating milk, in 
which the whey is first adjusted to a pH between 4.6 and 7.0, 
in the case of the example to a pH of 4.65, and is then 
heated to a temperature between 70°C and 100°C in the case of 
the example 90°C, in order to precipitate out the proteins. 
The precipitated proteins are then removed by a 
centrifugation. Generally no information is provided on the 
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size of the resultant protein aggregates in this publication. 
At the pH of 4.65 used in the case of the example, the 
proportion of protein aggregates in the desired order of size 
to achieve a creamy- smooth mouthfeel is low,, however, and the 
yield of the process is therefore poor in this respect. 

VISSER and BAKKER (EP-A 0 347 237) describe a process 
in which whey proteins are heated at low starting 
concentrations at temperatures below 100°C / in particular 
between 65°C and 75°C. Within this temperature range the 
heating time is set so that no more than 10% of the proteins 
are denatured, that is to say become insoluble at a pH of 
4.6. The denatured proteins are then concentrated, so as to 
give a dispersion of non-aggregated macrocolloidal particles 

having diameters of 0*1 to 10 (im. 

Under similar heating conditions (60°C to 80°C) , 
according to HAKAART et al . (EP-A 0 412 590) a food 
composition having an elevated content of a-lactalbumin can 
be produced from whey having a protein content of less than 
8% or from an a-lactalbumin-enriched fraction, with 
simultaneous application of a low amount of shear. The non- 
aggregated microcolloidal particles which are obtained in 
this process have a mean particle size in the range from 0.1 
to 10 jam. 



WO-A 92/20239 [ASHER et al . ] describes a process for 
producing a fat substitute for use in ice cream manufacture, 
in which, via ultraf iltering whey, a whey concentrate (WPC) 
is obtained and by subsequent short -time heating of the 
resultant whey concentrate to between 75°C and 85°C, the whey 
proteins are partially denatured. This treatment leads to a 
product of coagulated particles of a size which is not 
defined in more detail. If the denaturation conditions are 
intensified in order to obtain a higher degree of 
denaturation, in the case of this known process a product is 
obtained having larger particles which can readily be 
differentiated, which makes it completely unsuitable for use 
in ice cream manufacture. 

A subsequent mechanical treatment of heat -denatured 
whey proteins, in particular high shear, can also lead to 
aggregate sizes in the micrometer range: in a process 
developed by PAQUIN et al . , [PAQUIN, P.; LEBEUF , Y.; RICHARD, 
J. P.; KALAB, M. "Microparticulation of milk proteins by high 
pressure homogenization to produce a fat substitute" in: IDF 
Special Issue 9303: Protein & Fat Globule Modifications, 389- 
396 (1993)], ultraf iltered and diafiltered whey is first 
heated in the neutral or acidic pH range at 95 °C for 5 min. 
This gives a roughly 90% denaturation and aggregation of the 
whey proteins. The heated concentrate is then homogenized in 
a special high-pressure homogenizer, called a microf luidizer, 
at a pressure of 750 bar. The coarsely aggregated structure 
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is broken down by this treatment into small spherical 
particles of about 1 to 10 Jim in diameter. 

Comparable particle sizes were found by SPIEGEL, T., 
KESSLER, H.G. ["Continuous formation of gel structures and 
stable foams based on a heat treated and acidulated whey 
protein concentrate" in Texture of Fermented Milk Products 
and Dairy Desserts, Proceedings of the IDF Symposium in 
Vicenza, 106-114, (1998)], when a whey concentrate containing 
10% protein and 13% lactose was heated at 80 °C and, during 
the subsequent cooling, was subjected to intensive shear 
treatment in a scraped- surf ace heat exchanger. 

These known processes share the fact that the yield 
of protein aggregates in the desired size of about 0.1 to 
10 |am is low. Furthermore, these processes are for the most 
part complicated and expensive and therefore not of interest 
for industrial application. 

The object of the invention is therefore to provide a 
process for producing denatured whey protein aggregates, 
preferably having a size of essentially 0.1 |um to 10 \im [mean 
aggregate size (median) in the range from 1 to 4 |ixm] which is 
simple to carry out and is able to provide the desired 
protein aggregates reliably and in high yield. 

This object is achieved by a process for producing a 
concentrate of denatured whey protein aggregates, preferably 
having a mean aggregate size (median) in the range from 1 to 
4 fim, which comprises the steps that 
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a) an aqueous solution containing whey proteins 
enriched to a protein content of at most 4% by weight is 
heat -denatured to > 80%, based on the proteins, by hot- 
holding at a temperature in the range from 75 to 150°C at a 
pH in the range from 5.0 to 7.0 under essentially non- 
shearing conditions, and that 

b) a concentration step is then carried out, 
preferably to a concentration of the denatured whey proteins 

between 5 and 20%. 

The expression used above, that the mean aggregate 
size (median) is between 1 and 4 urn, means that, essentially, 
the aggregate size is to be between 0.1 and 10 \mj in this 
case the median is defined such that at a given particle size 
distribution, 50% by volume of the particles are below this 
value and 50% by volume are above it. This median is also 
abbreviated in specialist circles to D 50 .3- If the aggregate 

size is to be "essentially" between 0.1 and 10 |xm, this is to 
be taken to mean the fact that more than 9 0% by volume, 
preferably more than 95% by volume, of the aggregates are in 

said particle size range between 0.1 and 10 urn. 

The inventive production process requires no shearing 

action, or only slight shearing action, so that complex 

apparatuses are not required. 

An essential feature of the inventive process is that 

a controlled denaturation is carried out using the starting 

raw material in the inventively used temperature interval 
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from 75 to 150°C by hot-holding at a pH in the range from 5.0 
to 7.0 under essentially non-shearing conditions. 

In particular, the degree of denaturation to be set 
according to the invention in the process procedure is >90%, 
preferably >95%. The control of the inventive process 
achieved by setting the degree of denaturation represents the 
significant difference between the inventive process and the 
processes known to those skilled in the art. This ensures 
that the yield of denatured whey protein aggregates is 
extremely high, so that virtually all of the protein present 
can contribute to achieving the desired properties. 

If the heat denaturation is not carried out in a 
controlled manner, even very small variations in the 
composition of the starting materials, for example different 
contents of the protein fractions present in the starting 
solution, for instance milk or whey, in the pH of the 
starting solution and similar mean that the desired content 
of denatured (whey) protein aggregates is not achieved. As a 
result, the product obtained does not then have the desired 
properties and cannot be used for the intended purpose. 

The content of denatured proteins is determined in 
the inventive process using the method described in the 
examples; this is a routine test as carried out in many 
laboratories in connection with other investigations. Details 
of the measurement of the degree of denaturation are 
therefore described in more detail in the examples below. 
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The degree of denaturation thus measured is a 
parameter which is simple to measure, which makes it possible 
for a person skilled in the art to achieve the object set 
using the inventive process. 

In the inventive process, the starting material which 
can be used is any aqueous solution of whey proteins, for 
example whey, whey from casein manufacture. However, the raw 
material preferably used is a milk microf iltration permeate, 
or directly a non-enriched whey, in particular sweet whey. 
,.*r. The protein content of the solution used does not exceed 4% 
^2 by weight according to the invention, preferably not 3%. 
!*~ Therefore, according to the invention it is not necessary to 

produce a protein concentrate, for example a WPC (whey 
■vJ protein concentrate) before the inventive denaturation 

i-f process is carried out. The inventively preferred raw 

S3 material is, as indicated above, non- concentrated whey, 

□ preferably sweet whey, which has a denaturable whey protein 

content in the concentration range between 0.5 and about 1% 
by weight. In exceptional cases, the content of such a whey 
may be up to 1.2% by weight. The lactose content of such a 
whey is between 4 and 6% by weight . 

According to the invention the pH of the starting 
material is 5 to 7, preferably between 5.5 and 6.5. Most 
preferred is a range of about 6, in particular 6.0 to 6.5. 
This offers the advantage that whey from cheese manufacture 
can be used in unchanged form. However, the raw material used 
can also be whey whose protein content has been increased by 
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conventional dairy concentration processes to a maximum of 4% 
by weight, in particular a maximum of 3% by weight. 

The hot -holding time to be employed at a defined 
temperature in the range specified above to achieve a whey 
protein denaturation greater than 80%, preferably greater 
than 95%, is between 18 hours and 10 seconds. Time limits 
which have a general validity may only be established with 
difficulty, since these can differ greatly from one another 
depending on the composition of the starting material (see 
DANNENBERG and KESSLER ["Reaction Kinetics of the 
Denaturation of Whey Proteins in Milk", J. Food Sci. 53(1), 
258-263 (1988)], where the results of special studies of 
individual whey protein fractions are reported) . However, the 
hot-holding time required when the inventive process is 
carried out results from the degree of denaturation to be 
maintained. 

The inventive process can be carried out using 
conventional dairy apparatuses such as plate heat exchangers 
or tubular heat exchangers or vessels . During these 
processes, shear forces customarily occur due to pumping and 
stirring operations. However, according to the invention, and 
in contrast to the processes known to those skilled in the 
art, no further shearing operations are carried out, to the 
extent that the inventive process is carried out under 
essentially non-shearing conditions. The shear rates 
occurring due to the unavoidable pumping and stirring 
operations mentioned are generally not greater than 2000 s" 1 
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to 10 0 0 s" 1 , preferably not greater than 50 0 s _1 . The hot- 
holding of the raw material can also take place in complete 
absence of agitation. 

According to the invention, the heat denaturation of 
the starting material, that is to say of the non-enriched 
whey, takes place in a temperature range between 75 °C and 
150°C. However, particular preference is given to the 
temperature ranges between 110 °C and 150 °C, and between 75 °C 
and 95°C, in particular 75°C and 85 °C. After the inventive 
heat treatment the product is cloudy, but still liquid. 

The whey proteins are present predominantly as 
aggregates. Measurement using a laser diffraction 
spectrometer (Coulter LS 130) gives a content of >90% by 
volume of the aggregates in the inventive size range from 0.1 
(im to 10 (Lim, and a content of >70% by volume in the preferred 
size range of 0.5 to 4 p,m (see Fig. 2). 

The heating is followed according to the invention by 
a concentration using conventional dairy processes, 
preferably by ultrafiltration or microf iltration, to a 
protein content of 5% to 20%. After the concentration the 
product is viscous and has a creamy-smooth consistency. The 
aggregate diameter is not significantly changed by this step. 
It is a particular advantage of the virtually complete 
denaturation and aggregation of the whey proteins before the 
subsequent concentration step that removing non-denatured 
contents to increase the yield is not necessary. 
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The product thus produced can be used directly; 
alternatively, however, it can also be dried, preferably by 
f reeze-drying or spray-drying. 

The inventively produced product can be added to the 
cheesemaking milk for the manufacture of soft cheese, slicing 
cheese and hard cheese, in order to increase the whey protein 
content in these cheeses and the yield. In the denatured and 
aggregated form, the whey proteins remain in the cheese mass 
and are not lost in the whey, in contrast to native whey 
proteins, as is customary in classic cheese manufacture. 

It is also possible to use the product in process 
cheese, in frozen and non- frozen desserts, in fresh cheese or 
in spreads. In all these products, by adding the inventively 
produced whey protein product, the fat content can be 
reduced, because of the creamy properties . In addition, the 
content of casein which is present, for example, in these 
products in the form of cheese raw material or skimmed milk 
powder, can partly be replaced, since denatured aggregated 
whey proteins behave in a similar manner to casein. 

In a further very particularly preferred embodiment 
of the inventive process, the product obtained after carrying 
out the concentration is foamed with use of a foaming 
apparatus, with the pH being set to 4.0 to 5.5. When this 
process step is carried out, it is not necessary to add foam 
stabilizers. If foam stabilizers are added at all, which may 
possibly be desirable for further optimization of the foam 
structure, the amount of foam stabilizers used is 
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considerably reduced, compared with conventional processes 
for producing foamed products. In the case of gelatin, for 
example, instead of the 0.5% to 1% gelatin customarily added, 
only about 0.1% is necessary. 

The pH is set by controlled addition of an acid. The 
acid added is, according to the invention, an acid selected 
from the group of organic acids or acids approved for foods. 
Preference is given to a mixture of lactic acid and citric 
acid, in the most preferred case a mixture of 4 mol/1 of 
citric acid and 90% strength lactic acid in equal parts. 

After carrying out the foaming, a foamed essentially, 
or even completely, foam-stabilizer-free product is obtained. 
Compared with customarily foamed products, the inventive 
product is distinguished in that, in the foamed state, 
depending on storage conditions, it is physically stable in 
storage for weeks or even months. Customary products produced 
from whey protein aggregates achieve a storage life of this 
type, if at all, only by the addition of foam stabilizers. 

The invention is described in more detail in all its 
embodiments by the examples given below. 

In the figures: 

Fig. 1 shows the relationship of the rate constants 
of denaturation of p-lactoglobulin on pH, that is to say the 
change in the respective denaturation rate. 

Fig. 2 shows by way of example the frequency 
distribution (content by volume versus particle diameter) of 
the whey protein aggregates produced by the inventive 
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process. The accumulated content (% by volume) of the size 
classes which can be derived from the diagram is: 



Accumulated content 
(% by volume) 


<10 


<25 


<50 


<75 


<95 


Size (up to . . .|4.m) 


0 .32 


0.59 


1.1 


1.8 


3.8 



Production Examples 

Example 1 

A conventional whey, that is to say non-concentrated, 
having a protein content of 1.0% and a pH of 6.50 was heated 
in a plate heat exchanger and then subjected to hot -holding 
for 150 minutes in a tank at 80°C. The degree of denaturation 
was then measured by the following method: 

The decrease in concentration of the native whey 
proteins as a result of the heating was determined by the 
chromatographic method [RP-HPLC : Reverse-phase high 
performance liquid chromatography] described in BEYER [*Zum 
EinfluS der Proteinkonzentration auf das 

Denaturierungsverhalten der Molkenproteine sowie die damit 
verbundenen rheologischen Veranderungen" [The effect of 
protein concentration on the denaturation behavior of whey 
proteins and the associated rheological changes] , 
Dissertation Faculty for Brewing, Food Technology and Dairy 
Science, Technical University of Munich, Munich (1990)]. In 
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this method the denatured whey proteins are separated off 
before analysis by precipitation at pH 4.6 and subsequent 
filtration. The individual native whey protein fractions, 
owing to differing hydrophobic properties, are adsorbed with 
varying strengths to the stationary support substance of the 
HPLC column. The protein fractions are desorbed stepwise from 
the stationary phase by gradient elution, that is to say by 
continuously changing the hydrophobic properties of the 
mobile phase flushed through the column. As a result the 
fractions elute at different times and can be detected 
separately by a UV detector. The signals are converted into a 
chromatogram plot in which the area under the individual 
peaks is proportional to the protein concentration. The 
degree of denaturation is calculated via the ratio of peak 
areas of the heat-treated and non-heated sample, taking into 
account the overall dilution factors in sample preparation: 

(F • GVF) heated 
DG = 1 - 

( F • GVF ) non-heated 

where : 

DG: is the degree of denaturation, 
F: is the peak area, 

GVF: is the total dilution factor of the sample preparation. 
The degree of denaturation determined in this manner in this 
example was for (3-lactoglobulin 95% and for ot-lactalbumin 
>95%, and the total degree of denaturation 95%. 



Example 2 



Production example 1 was repeated using a non- concentrated 
whey having a protein content of 0.9%, pH 6.55, the heating 
and the hot -holding being performed in a tubular heat 
exchanger in a continuous flow manner at 14 0°C for 10 
seconds . 

The degree of denaturation determined in this example was for 
P-lactoglobulin 95% and for a-lactalbumin 80%, and the total 
degree of denaturation >85%. 

Example 3 

Production example 1 was repeated with a slightly- 
concentrated whey (protein content 2.0% by weight, pH 5.0), 
the heating and hot-holding being performed in a pressurized 
vessel at 110°C for 1 minute. 

The degree of denaturation determined in this example 
was for p-lactoglobulin >95%, and for a-lactalbumin >95%, and 
the total degree of denaturation >95%. 

Use Example 

Use Example 1: Process cheese/process cheese preparations 

A process cheese having a high whey protein content 
was manufactured according to the following formula: 
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Hard cheese/slicing cheese 

Whey concentrate produced 

Emulsifying salt 

Butter 

Water 



The 



process 



cheese 



Content 

58% 

17.5% 

3% 

9% 

12.5% 



100% 
thus 



Protein content 

24% 

10% 



prepared exhibited 



outstanding creaming behavior and also good spreadability . 



' 8 ! 
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Use Example 2 : Dairy ice cream 

Ice cream mix of the following composition was frozen 
after pasteurization and homogenization. The whey protein 
product produced according to the invention can be added 
before the pasteurization and homogenization, because of its 
high degree of denaturation and the associated high heat 
stability and shear stability. 



Content 

Skimmed milk powder 5.5% 

Whey protein powder produced 5.5% 
according to the invention 

Milk fat 5% 

Glucose syrup 5% 

Sucrose !0 % 

Water 69% 



Protein content 

35% 

35% 



The ice cream thus produced exhibited a creamy 
mouthfeel and very good melting stability, even without 
addition of emulsif iers/stabilizers . 

Use Example 3 : Foamed food 

A storage -stable foamed food was produced by foaming the 
inventively produced whey product (10% protein) with 
simultaneous acidification using lactic acid (90% strength) 
to pH 4.5. The foam was physically stable for several weeks 
without any addition of stabilizers or non-milk ingredients. 
For sensory reasons, sugar and aroma/ fruit concentrate 
constituent can also be added to the formula. 
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Patent Claims 

1. A process for producing a concentrate of denatured whey 
protein aggregates, preferably having a mean aggregate size 
(median) in the range from 1 to 4 |um, comprising the steps 
that 

a) an aqueous solution containing whey proteins enriched to a 
protein content of at most 4% by weight is heat -denatured to 
> 8 0%, based on the proteins, by hot -holding at a temperature 
in the range from 75 to 150°C at a pH in the range from 5.0 
to 7.0 under essentially non-shearing conditions, and that 

b) a concentration step is then carried out, preferably to a 
concentration of the denatured whey proteins between 5 and 
20%. 

2. The process as claimed in claim 1, wherein the 
aqueous solution containing whey proteins is selected from a 
milk microf iltration permeate and a whey. 

3. The process as claimed in claim 1 or 2, wherein the 
protein content of the aqueous solution is a maximum of 3% by 
weight . 

4 . The process as claimed in one of the preceding 
claims, wherein, when the hot -holding under essentially non- 
shearing conditions is carried out, a value for the shearing 
rate of 2000 s" 1 , preferably 1000 s" 1 , is not exceeded. 
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5 . The process as claimed in one of the preceding 
claims, wherein the aqueous solution is a non-enriched whey. 

6. The process as claimed in one of the preceding 
claims, wherein the hot -holding step is carried out in such a 
manner that the degree of denaturation is >90%. 

7. The process as claimed in one of the preceding 
claims, wherein the pH of the aqueous solution is between 5.5 
and 6.5, preferably between 6 . 0 and 6.5. 

8. The process as claimed in one of the preceding 
claims, wherein the hot-holding time is between 10 seconds 
and 18 hours. 

9. The process as claimed in one of the preceding claims, 
wherein the temperature during the hot -holding step is <95°C. 

10. The process as claimed in one of the preceding 
claims, wherein the temperature during the hot -holding step 
is between 110°C and 150°C. 

11. The process as claimed in one of the preceding 
claims, wherein, in the concentration step, an 
ultrafiltration apparatus, a separator and/or a decanter is 
used. 

12 . The use of the concentrate of denatured whey protein 
aggregates produced as claimed in one of claims 1 to 11 as 
food additive, in particular in the manufacture of cheese or 
ice cream. 

13 . A process for producing a foamed product comprising 
denatured whey protein aggregates, preferably having a mean 
aggregate size (median) in the range from 1 to 4 \xm, in which 



- 3 - 



the process as claimed in one of claims 1 to 11 is 
carried out, 

the resultant concentrate is foamed without addition of 
foam stabilizers with a pH of 4 . 0 to 5 . 5 being set. 
14. A foamed essentially foam-stabilizer- free product, 
obtainable by means of the process as claimed in claim 13 . 



Abstract 



A process is provided for producing a concentrate of 
denatured whey protein aggregates, preferably having a mean 
aggregate size (median) in the range from 1 to 4 Jim, which 
comprises the steps that 

a) an aqueous solution containing whey proteins enriched to a 
protein content of at most 4% by weight is heat -denatured by 
hot-holding at a temperature in the range from 75 to 150°C 
>80%, based on the proteins, at a pH in the range from 5.0 to 
7.0 under essentially non-shearing conditions, and that 

b) a concentration step is then carried out, preferably to a 
concentration of the denatured whey proteins between 5 and 
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(54) Title: 



Preparation of an aggregate whey protein product and its use 



(57) Abstract 

The invention relates to a method for preparing a 
concentrate of denatured whey protein aggregate preferably 
having a mean aggregate size (median) of between 1 and 4 (am. 
Said method consists of the following steps: a) an aqueous 
solution enriched to a maximum protein content of 4% by 
weight, containing-' whey protein and having a pH of between 
5.0 and 7.0 is thermally denatured to >80%, in relation to 
the protein content, under substantially non- shear conditions 
at a temperature of between 75 and 150°C and by means of a 
holding period; and b) the resulting product is concentrated, 
preferably to a denatured whey protein concentration of 
between 5 and 20%. 



- 18 - 



09/^13548 




Fig.1 



- 19 - 



09/913548 



Content by volume [%] 




■ 

O 



Fig. 2 



Z By 




E 



E 
m 

cn 

< 



^ <o cm 

[%] euin|OA Aq lueiuoo 



61 



8*^16/60 



UNITED STATES OF AMERICA 
COMBINED DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



OFGS FILE NO. 
P/2107-185 



that I 
of the 



As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as stated below next to my name; t 
verily believe that I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors are named) 
subject matter which is claimed and for which a patent is sought on the invention entitled: 

PREPARATION OF AN AGGREGATE WHEY PROTEIN PRODUCT AND ITS USE 

the specification of which is attached hereto, unless the following box is checked: 

was filed on 6 February 2000 as United States patent Application Number or PCT International patent 
application number PCT/PEO 0 / 0 0 3 6 7 and was amended on 6 February 2001 (if any). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose all information known to be material to patentability in accordance with Title 37, Code of Federal Regulations, 
§1.56. 

I hereby claim priority benefits under Title 35, United States Code §1 19 of any foreign applications) for patent or inventor's certificate or United 
States provisional applications) listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed: 

Prior Foreign or Provisional Application^) 



COUNTRY 



APPLICATION NUMBER 



DATE OF FILING 
(day, month year) 



PRIORITY CLAIMED 
UNDER 35 U.S.C. 119 



Germany 



199 06 379.6 



16 February 1999 



yes x NO 



YES 



NO 




of each < 

United ! _ ^ r v „„ m ^ . w w Lai 

Regulations, §1.56 which became available between the filing date of the prior application and the national or PCT international filinTdate oftSs' 
application. 



UNITED STATES 
APPLICATION NUMBER 



DATE OF FILING 

(day, month, year) 



STATUS 
(patented, pending, abandoned) 



i o J£ er ? by appoint customer no. 2152&STROLENK, FABER, GERB & SOFFEN, LLP, and the members of the firm, Samuel H. Weiner - Reg. No. 
lS*5i& Jerome M. Berliner - Reg. No. 1 8,653; Robert C. Faber - Reg. No. 2442*; Edward A. Meilman - Reg. No. 24 J^LSteven I. Weisburtf- 
K£g. No jyoa Max Moslcowitz - Reg. NoT3Q47g Stephen A. Soffen - RejTNa 31J3£3: James A. Finder - Reg. No. 30133; William O. Gray HI 
" -th 3&>24^Louis C. Dujmich - Reg. No. 5ffT625, D ouglas A. Miro - Reg. No<3uB3 l and Michael J. Scheer - Reg. No. as attorneys 

with rull power of substitution and revocation to prosecute this application, to transact all business in the Patent & Trademark Office connected therewith 
and to receive all correspondence. 



DIRECT TELEPHONE CALLS TO: 
(212) 382-0700 



SEND CORRESPONDENCE TO: OSTRQLENI^ 

CUSTOMER NO. 2352 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 



FULL NAME OF SOLE OR FIRST INVENTOR x/ 

Manfred HUSS ^ 


INVESTOR'S SIGNATURE; X~£*f K 


DATE ^ 


RESIDENCE (City and either State or Foreign Coimtxy) % / ^ / 

Freisinq, Germany /) fcX 


COUNTR 

Gei 


Y OF CITIZENSHIP 

many 


POST OFFICE ADDRESS 

Hittostrasse 4, D - 8 5 3 5 4 Frei s ing , Germany 


FULL NAME OF SECOND JOINT INVENTOR (if any) 

.Thomas SPIEGEL 


INVENTOR'S SIGNATURE - 


DATK- 


RESIDENCE (City and either State or Foreign Country) ^\ ' U 

Munchen, Germany J3 pv 


COUNTRY OF CITIZENSHIP 

Germany 


POST OFFICE ADDRESS 

Maria-Birnbaumstrasse 10, D- 80686 Munchen, Germany 


FULL NAME OF THIRD JOINT INVENTOR (if any) 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City and either State or Foreign Country) 


COUNTRY OF CITIZENSHIP 


POST OFFICE ADDRESS 



CONTINUED ON PAGE 2 



00523865 .1 



